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Myocardial viability and recovery of left ventricular (LV) function after revas-
cularization is predicted by the presence of positron emission tomography
(PET) defined F-18 deoxyglucose (FDG):blood flow mismatch pattern in pa-
tients with ischemic cardiomyopathy(lCM). However, little is known about re-
gional blood flow and metabolism patterns in patients with non-ischemic car-
diomyopathy(NICM), Therefore, we studied 10 symptomatic patients (NYHA
class II and III) with left ventricular dysfunction; 5 had ICM and 5 NICM. All
patients underwent radionuclide angiography, stress thallium scintigraphy,
coronary angiography and PET studies with N-13 ammonia and FDG at rest.
The myocardial region with the maximum counts on the stress thallium study
was used as the normal reference region for relative ammonia and FDG up-
take. From matched ammonia and FDG short-axis images, a total of 156
regions were analyzed in ICM patients and 144 regions in NICM patients.
Regional blood flow less than 85% in both thallium and ammonia studies
was considered abnormal. FDG:ammonia ratio of ::: 1,2 was considered to
represent metabolism-blood flow mismatch.
Victor G. Sharov, Hani N. Sabbah. Jane M. Cook, Ramesh C. Gupta.
Norman Silverman. Michael Lesch. Sidney Goldstein. Henry Ford Heart and Vascular
Institute, Detroit, MI
Vo VADP VADpNo
ENDO EPI ENDO EPI ENDO EPI
NL 9±2 7± 1 46 ± 6 47 ± 1 6 ± 1 7 ± 1
HF 6± 1 6± 1 20 ± 5 22 ± 5 4 ± 1 4±1
P-value <0.07 <0.5 <0.001 <0.005 <0.04 <0.004
Abnormal Mitochondrial Respiration in
Myocardium of Dogs with Chronic Heart Failure
We previously showed that abnormalities of mitochondria (M IT) exist in the
failing heart and include hyperplasia, reduced organelle size and structural in-
jury. In the present study, we examined MIT respiration in LV tissue obtained
from 11 normal (NL) dogs and 8 dogs with heart failure (HF) produced by in-
tracoronary microembolizations (LV ejection fraction 23 ± 3%). Tissue spec-
imen (30 mg) were obtained from the subendocardial (EN DO) and subepi-
cardial (EPI) halves of the LV wall. Basal (Vo) and state 3 (maximal) respira-
tion (VADP. after addition of 1 mM AOP) were measured with an oxygraph
and Clark electrode using saponin skinned fiber bundles (0.2-0.3 mm). Res-
piratory rate was calculated in ngatoms of oxygen/min/mg of noncollagen
protein. The respiration control ratio (RCR) was calculated as VADPNo.
1965-491Comparison of Regional Myocardial Blood Flow
and Metabolism in Patients with Ischemic and
Non-ischemic Cardiomyopathy
1965-471
Stefan Neubauer, Michael Horn, Dirk Lubke, Monika Gbdde, Werner A. Kaiser,
Dietbert Hahn. Georg ErtJ. Departments of Medicine and Radiology, University of
Wiirzburg, Germany
'p < 0.001, .. P < 0.005
In ICM patients, 57% of all regions demonstrated abnormal blood flow and
almost half of such regions exhibited preserved glucose extraction indicative
of ischemic but viable myocardium. In contrast, approximately one-fourth of
NICM regions had decreased regional blood flow and the majority (89%) of
such regions had matched decrease in glucose extraction (nonischemic).
Thus, despite the absence of significant epicardial coronary artery stenosis,
decreased regional blood flow occurs in patients with NICM and may reflect
regions with admixture of viable myocytes and fibrosis.
Using 31 P-MR spectroscopy, abnormalities of cardiac energy metabolism
have been demonstrated in patients with dilated cardiomyopathy (DCM).
However. a detailed analysis of the correlations among energy metabolism,
cardiac hemodynamics and myocardial hypertrophy obtained from 31 P-MR,
right and left heart catheterization and echocardiography has not been pre-
sented, 23 patients with DCM (left ventricular (LV) EF 34 ± 3%; NYHA class
2.7 ± 0.1; SE) underwent right and left heart catheterization and echocardio-
graphy ± 3 days before/after MR spectroscopy. Coronary artery disease was
ruled out by coronary angiography. ECG-triggered. localized 31 P-MR spectra
from the anteroseptal myocardium were acquired at rest (prone position)
during 30 min on a 1.5 T Philips Gyroscan MR system using ISIS localization,
adiabatic pulses. and a 15 sec repetition time. Peak areas were corrected for
T1 effects and for blood contamination. and were determined with Lorentzian
line fits in the time domain. Linear correlations between creatine phosphate
(CPj/ATP ratios and hemodynamic parameters were calculated.
P< 0.003
P < 0.001
Probability
092 ± 002
15.3±04
RIF
Accumulation of Collagen in the Cardiac
Interstitium of Dogs with Chronic Heart Failure is
Associated with Decreased Capillary Density and
Increased Oxygen Diffusion Distance
No RIF
1.05 ± 0.03
2.3 ± 04
CD
ODD (I'm)
Hani N. Sabbah, Victor G. Sharov, Jane M. Cook, Hisashi Shimoyama,
Michael Lesch, Sidney Goldstein. Henry Ford Heart and Vascular Institute, Detroit, MI
Progressive LV dysfunction is a characteristic feature of the failing heart. The
mechanism(s) responsible for this functional deterioration are not known.
Progressive accumulation of collagen in the cardiac interstitium termed "re-
active interstitial fibrosis" (RIF). occurs in the failing heart but its role in the
progression of LV dysfunction remains uncertain. We examined the conse-
quences of RIF severity on capillary density (CD) and oxygen diffusion dis-
tance (ODD) in LV myocardium of 11 dogs with heart failure produced by
intracoronary microembolizations (LV ejection fraction 26 ± 1%). CD was
defined as the index capillary to fiber ratio and ODD as half the distance
between two adjoining capillaries. Frozen sections were prepared from LV
tissue and double stained with a collagen III antibody to quantitate RIF and
with GSllectin to visualize capillaries. From each section. 5 infarct free fields
manifesting severe RIF (volume fraction 16 ± 2%) and 5 fields with little or
no RIF (volume fraction 4 ± 1%) were selected for analyses.
MIT state 3 respiration is significantly reduced in myocardium of dogs with
chronic HF The observed reduction in the RCR confirms the presence of
injury to inner MIT membrane. The abnormalities in MIT oxygen utilization
support the concept of low energy production in the failing heart.
Conclusion: In the failed canine heart, CD is decreased and ODD is in-
creased in LV regions manifesting severe RIF. These abnormalities may con-
tribute to the progression of LV dysfunction by promoting hypoxia of the
collagen encircled cardiocytes.
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16 ± 8
12 ± 5
LVEF (%)match
52 (53%)
33 (89%)
mismatch
37 (47%)
4(11%)
Ejection Fraction and Wall Thickness Correlate
with Impaired Energy Metabolism in Patients with
Dilated Cardiomyopathy
abnormal flow
ICM 89 (57%)'
NICM 37 (26%)'
1965-48 1
LV pressures and diameters. cardiac output, stroke volume, pulmonary ar-
terial pressures, right atrial pressure and pulmonary arterial oxygen satura-
tion did not correlate with CP/ATP. Thus. our data demonstrate that in DCM.
the extent of high-energy phosphate depletion is related to the extent of me-
chanical dysfunction as well as to LV wall thickness.
LV wall thickness (mm)
Previous efforts to induce heart failure using percutaneous coronary em-
bolization required multiple surgical procedures and a prolonged time course
(3-6 months) until heart failure develops. The goal of this study was to cre-
ate a reproducible and more rapid model of ischemic heart failure in dogs
using repeated coronary embolization via a chronically implanted coronary
catheter. Dogs (n = 5) were chronically instrumented for measurements of
mean arterial pressure (MAP). left ventricular pressure (LVP) and left atrial
pressure (LAP). After full recovery, hemodynamic measurements and the re-
sponse of LV dpldt to increasing doses of isoproterenol were performed
weekly. After control experiments, glass microspheres (90 I'm diameter)
were injected into coronary circulation daily (50,000-1 OO,OOO/day) using the
implanted coronary catheter for approximately two weeks. The hemody-
namic measurements after 3 weeks and a total of 925,000 ± 250.000 mi-
crospheres are shown as follows (* < 0.05 from control).
Daily Coronary Microembolization in Awake Dogs
Leads to Heart Failure
Mathias Knecht, Geng-Hua Yi, Sulli Popilskis. Milton Packer, Daniel Burkhoff,
Jie Wang. Columbia-Presbyterian Medical Cente" New York City, New York
1965-51 1
y.O.18x~O,OB
o
,.S
1,15
','
0
0 0
1,25
0
.'l
.s,
2,75
y _ 0,021( + 0,94
J ,.lcO-:-::":':"'~""lO:-:':,,-:':-C:-:,"o-:,',""",::"'
EF ('16)
2:,2:5
,.S
2,75
..
~ 1.75
l:i 1,5
l.25
lACC February 1995 ABSTRACfS 223A
The dose response curves of LVdPldt to Isoproterenol (0.025, 0.05, 0.1,
0.5I!glkg) were significantly shifted down and to the right after heart failure.
Clinical signs of heart failure such as protein wasting, dyspnea, edema and
ascites developed in all animals. Thus, an ischemic heart failure, as defined
by hemodynamic, pharmacological and clinical features, developed using
daily coronary embolization.
LVP(mmHg)
LVEDP (mmHg)
MAP (mmHg)
LAP (mmHg)
HR (beats/min)
LVdP/dt(mmHg/s)
Control
133 ± 6
3.8 ± 1.2
101 ± 2
5.8 ± 1
66 ± 9
3109 ± 665
3Wks of Embolization
106 ± 2'
14.2 ± 09'
87 ± 8
11.7 ± l'
138 ± 32
2281 ± 460'
lactate alanine free carnitine ATP
ADR 10 In = 6) 1572 ± 1.38 2.10 ± 023 1.05 ± 007 7.23±0.51
ADR 3W(n = 6) 3.47 ± 0.41 1.02 ± 0.24 0.83 ± 005 598 ± 0.16
ADR 6W(n ~ 6) 9.10 ± 0.76 1.28 ± 0.17 0.60 ± 007 4.70 ± 038
In ADR 1D, the tissue levels of lactate and alanine were significantly higher
than those of Control 1D (p < 0.05), although the tissue levels of free car-
nitine and ATP were preserved. However, in ADR 3W, the tissue levels of
free carnitine and ATP were significantly lower than those of Control 3W (p
< 0.05). The tissue levels of free carnitine and ATP appeared to be further
reduced in ADR 6W.
Conclusion; This study demonstrated that the impaired energy production
had already occurred even at early stage of ADR-induced heart failure.
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19661 Vascular Responses to Hypertension
Hypertension and Left Ventricular Hypertrophy
Further Impair Utilization of the Reduced
Coronary Reserve in Patients with Coronary
Artery Stenosis
The Impact of AmbUlatory Blood Pressure on
Diastolic Dysfunction in Uncomplicated
Hypertension
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Michaela Kozilkovil, Carlo Palombo, Lorenza Pratali, Giuseppe Pittella,
Alessandro Distante, Antonio cAbbate. Institute of Clinical Physiology, CNR, and
University Medical School, Pisa. Italy
Left ventricular hypertrophy (LVH) predisposes to an increased infarct size af-
ter coronary occlusion in dog. Aim of the study was to investigate the impact
of the coexistence of LVH secondary to hypertension and coronary stenosis
on the coronary vasodilator capacity in man. Coronary flow velocity in left an-
terior descending artery (LAD) was monitored by Transesophageal-Doppler
at baseline and during low- and high-dose of Lv. Dipyridamole (0.56 mglKgl4
min followed after 2 min by 0.28 mglKgf2 min) in 56 patients, divided as fol-
lows: 19 normal controls (N Group), 21 pts with hypertension, LVH and no
CAD (LVH Group), and 16 pts with moderate LAD artery stenosis (~75%) [10
without LVH (LAD Group) and 6 with LVH secondary to hypertension (LAD
+ LVH Group)]. All pts had Dipyridamole Echo test negative for left ventric-
ular asynergy. Blood pressure and left ventricular mass were similar in N
vs LAD pts, and in LVH vs LAD + LVH. Mean total coronary flow velocity
was measured from Doppler recordings. Coronary reserve was computed
as the ratio of high-dose Dipyridamole to Basal flow velocity. Minimum coro-
nary resistance and the percent of coronary reserve recruited after low-dose
Dipyridamole were also computed.
Results: Baseline coronary flow velocity was 29 ± 6 cmlsec in N, and sig-
nificantly higher in LVH and CAD (39 ± 11 and 41 ± 11, respectively, p <
0.01). Coronary flow velocity after high·dose Dipyridamole was 92 ± 18 in
N, and significantly lower only in LAD + LVH (68 ± 16, p < 0.05). Coronary
reserve was 3.3 ± 0.7 in N, and significantly reduced in all pts subgroups (2.4
± 0.4, 2.2 ± 0.6, 2.3 ± 0.4 in LVH, LAD, LAD + LVH; P < 0.01 vs N). Percent
of coronary reserve recruited after low-dose Dipyridamole was 94 ± 8% in
N, 91 ± 11 % in LAD, and lower in LVH (79 ± 11 %, P < 0.01 vs N) and in LAD
+ LVH (69 ± 10%, P < 0.05 vs LVH). Compared to N, minimum coronary re-
sistance was significantly higher in LVH (p < 0.05) and LAD + LVH (p < 0.01)
(0.94 ± 0.2 vs 1.20 ± 0.3 and 1.40 ± 0.4 mmHglmllmin, respectively); it was
also higher in LAD + LVH than in LAD alone (1.07 ± 0.2 mmHglmlfmin, p <
0.05).
Conclusions: Coronary reserve is similarly reduced in pts with LVH sec-
ondary to hypertension, LAD stenosis alone, or LVH + LAD stenosis. Coex-
istence of hypertensive LVH with LAD stenosis is associated. compared to
LAD stenosis alone, with significantly higher minimum coronary resistance
and a hindered utilization of the reduced coronary reserve.
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Relationship Between Heart Chymase and ACE
Activity in Dogs with Volume Overload
Hypertrophy and Increased Cardiac Angiotensin
Peptide Levels
Eduardo Balcells, Oing C. Meng, Suzanne Oparil, Terry S. Elton,
Ingrid Straeter-Knowlan, Sanford P Bishop, Gerald H. Hankes, Ray S. Dillon, Louis
J. DeWltalia. Univ ofAlabama, Birmingham, Ala.
Myocardial Glycolytic and Fatty Acid Metabolism
During Progression of Adriamycin (ADR)-Induced
Heart Failure in Rats
Norio Kawasaki, Jong-Dae Lee, Akiyoshi Tsubokawa, Masayuki Yamamoto,
Hiromasa Shimizu, Takanori Ueda, Toru Nakamura. The First Department of Internal
Medicine, Fukui Medical School, Fukui, Japan
We have previously reported increased intracardiac angiotensin II (ANG II)
levels in a dog model of volume overload hypertrophy produced by percu-
taneous chordal rupture of the mitral valve. Whether the increase in ANG II
is mediated by angiotensin converting enzyme (ACE) andlor heart chymase
is unknown. Magnetic resonance imaging and high-fidelity pressure moni-
toring were performed on 8 adult mongrel dogs before and 5 months after
causing mitral regurgitation (MR). Left ventricular (LV) end-diastolic volume
increased from 58 ± 13 [SO] to 102 ± 35 ml (p < 0.001), as did end-systolic
volume (33 ± 10 to 47 ± 18 ml, p < 0.001). LV mass increased in all dogs
from 82 ± 22 to 112 ± 25 grams (p < 0.001) and the LV mass/end-diastolic
volume ratio decreased significantly from 1.63 ± 0.20 to 1.17 ± 0.23 gmlml
(p < 0.001). ANG II levels were significantly higher in the midwall of the left
ventricle in mitral regurgitation hearts than in normal controls {85 ± 39 vs.
27 ± 16 pglgm, p < O.Oll and ANG II correlated with LV end-diastolic wall
stress Ir = 0.75, P < 0.051. ACE activity increased in MR hearts compared
to controls (1.22 ± 0.46 vs. 3.55 ± 1.39 mUnitslgm, p < 0.05) and chymase
activity was also in MR hearts compared to controls (9.42 ± 4.6 vs. 19.81 ±
8.93 nmollgmlmin, p < 0.05). These results demonstrate significant eleva-
tion of intracardiac ANG II levels associated with increasing diastolic stress
and increasing intracardiac ACE and chymase activity. The parallel responses
of ACE and chymase activity in response to volume overload of the dog heart
suggest that the increased ANG II levels in this model are generated by ACE
and chymase. Further studies using selective inhibitors of these enzymes are
needed to establish an etiologic relationship between increased ACE activity
and left ventricular remodeling in this model.
To investigate the changes in myocardial glycolytic and fatty acid metabolism
during progression of ADR-induced heart failure, sixty five 8-weeks male S-D
rats were injected intraperitoneally with ADR (15 mgfkg) or equivalent vol-
ume of saline, divided into 6 times for 2-weeks. Rats were sacrificed and the
left ventricles were removed, at 1 day (ADR 10 group, Control 10 group),
at 3 weeks (ADR 3W group, Control 3W group) and at 6 weeks (ADR 6W
group, Control 6W group) after the last ADR or saline injection. By using
proton-MRS, we measured myocardial metabolites (lactate and alanine as
indices of glycolytic metabolism, and free carnitine as an index of fatty acid
metabolism). As an index of energy production, high energy phosphate (ATP)
in the myocardium was also measured by HPLC.
Results; The cumulative mortality rate was 0% in control groups and
48% in ADR-treated groups during observed period. The mortality rate was
abruptly increased 3 weeks after the last injection.
lactate alanine free carnitine ATP
Control 1D(n ~ 6) 11.85 ± 0.98 112±0.06 107 ± 0.08 8.52 ± 0.32
Control 3W In = 6) 11.22 ± 091 114±0.09 1.12±0.09 860 ± 038
Control 6W (n =4) 13.10 ± 168 158 ± 0.23 1.05 ± 0.12 8.90 ± 0.19
lactate. alanine, free carnitine, j..tmol/wet g. Alp, nmol/mg protein
No significant changes in tissue levels of lactate, alanine, free carnitine
and ATP were observed among Control groups
Maurizio Galderisi, Antonio Petrocelli, Mario Garofalo, Alfonso Alfieri, Oreste de
Divitiis. Clinical Methodology, University ofNaples, Italy
Although arterial hypertension is the main determinant of diastolic dysfunc-
tion, few data exist about the relations between 24-h BP profile and LV filling.
We examined Doppler echocardiography and ambulatory BP (ABP) in 101
subjects (60 men, 41 women, age 46.3 ± 9.9 years) free of cardiac drugs.
Subjects were excluded for coronary artery and valvular disease, heart fail-
ure and diabetes. Based on clinic BP levels 18 subjects were considered
